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INTRODUCTION 


This report continues previous observations on the growth of 
‘Penioillium In saline and lov? temperature conditions, carrying the 
study to IS months of Incubation time. 

It also Includes two papers, one on Penioillixm In saline 
and low temperature media, the other on geomycology. Both will ap'- 
pear In the transactions of the 18th Annual meeting of COSPAR. The 
geomycology paper la an extension of the study of supersaline 
media by replacing light metals (e.g. Na, K) with heavier cations. 
The context, however, is more ecolioglcal in the sense that it deals 
with the potential of fungi for modification of the surface geo- 
chemistry of the earth. 

Further, the same group of fungi that here show outstanding 
adaptability to saline and low temperature environments exhibit the 
capacity for solubilizing and concentrating metals. These capabi- 
lities may well be related. 
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PROGRESS iv'iPORT 


Performance Capabilities of VenioiVlivm noiatwn in 
High Salt and Low Temperature Environments After 15 Months 

There are organisms capable of growth in saturated NaCl from 
bacteria to brine shrimp, but the relative distribution of salt 
adaptability is not known. In nutrient media saturated with so- 
dium chloride all Itnown strains of Penioillim notation cannot grow. 

This is also the case for many related species of PenioiVLixm and . 
the closely allied genus AB'pevgttluB , 

l 

Our present strain of Peniai/LTdion (and most others as well) 
grov78 well in nutrient saturated vrLth potassium or rubidium chlo- 
ride (Table 1) . Microcolonies appear at 24“C within 30 days in . 
glucose-pep tone-ysast (GPY) meditim, although a somewhat longer lag 
period is required in Czapek nutrient containing nitrate as the 
sole N-source. 

A major experiment combining extreme saline conditions with a 
range of temperatures and nutrient solutions was described pre- 
viously after 6 months of incubation. Included were NaCl, Na- 
acetate, KCl, RbCl, NH^Cl, CaCl2 and two special salt mixtures of 
ecological interest. One of these, the Dead Sea mix is only a 
gross approximation of that body's composition consisting of a solu- 
tion with saturating quantities of Na^SO^, NaCl and MgSO^. The second. 


Table 1. Penicilliun Growth in Nuaber of Cultures/S Repllcatca Using Saturated Chloride 
Cations of Sisdlar Size. 



Teaperature *C 


24 

6 

-6 

Honths 

Months 

Months 





6 

9 

12 

15 

6 

9 

12 

15 

6 

9 

12 

15 

Salt 

Nutrient 

Growth 













KCl 

Cz 

Sub 

2 

2 

— 

— 

2 

5 

5 

5 

0 

0 

0 

0 



Surf 

2 

3 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 



Spor 

2 

3 

3 

5 

0 

0 

2 

3 

0 

0 

0 

0 


GPY 

Sub 

1 

— 

— 

— 

4 

4 

4 

3 

1 

2 

3 

5 



Surf 

4 

5 

5 

5 

1 

1 

1 

2 

0 

0 

0 

0 



Spor 

4 

5 

5 

5 

1 

1 

2 

3 

0 

0 

0 

0 

RbCl 

Cz 

Sub 

1 

— 

— 

— 

1 

3 

3 

3 

0 

0 

0 

0 



Surf 

2 

5 

5 

5 

0 

c 

0 

0 

0 

0 

0 

0 



Spor 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


GPY 

Sub 

1 

— 

— 

— 

1 

3 

3 

3 

1 

2 

2 

4 



Surf 


5 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 



Spor 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HH Cl 

Cz 

Sub 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 


Surf 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Spor 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


GPY 

Sub 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Surf 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Spor 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Sub “ subaerged; Surf ” surface; Spor “ sporulating 


\ 
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like Don Juan Pond in the U.S, Antarctic \<rae a CaCl 2 brine but 
also contained small quantities of sulfate, chloride, potassium . 
and sodium ions and iron. 

In addition to general salt and nutrient composition, a 
major variable vae the presence or absence of K-ion as a supple- 
ment, The rationale for this was the preliminary finding that 
KCl but not NaCl regularly supported growth, even if slow. It 
was reasoned that the absence of growth in Na-salts vjas primarily 
a K-deficiency response, although Wa~intoxlcation might well pro- 
vide a secondary basis for response. 

A complex nutrient (l,e., GPY containing pre-formed organic 
N) made little difference at 24°C at 6 months, but supports a 
doubled growth rate at G^C. At -6“C only GPY permits any growth 
at all over the 6 month period. This we believe is the lowest 
constant tempera tuXe on record for the growth of filamentous fungi. 
At all temperatures in KCl and RbCl microcolonies first 
appear as more or less spherical bodies in culture sediments. At 
24 “C they gradually enlarge but eventually ”seed" surface colonleBj; 
at the lower temperatures the submerged colonies had not surfaced 
after 6 months. v 

Considering now, the overall 15-month picture, it is evident 
that only KCl and RbCl provide really effective media for extensive 
growth. Yet even here, Rb-ion falls to support sporulation, even 
after an incubation period of more than one year. Between 24“ and 


6®, growth per se Is not highly temperature sensitive In KCL or RbCl 
media with either simple or complex nutrient media, whereas sporula- 
tlon in KCL media becomes both temperature and nutrient dependent 
at 6“C. At ~6“ ny sporulation was noted to any medium, but growth 
took place only in cortjiex (organic N) nutrien js, 

In sutnmairy (Table 2) we can recognize growth-and sporulation- 
dependent conditions uniquely involving K-lon. In addition the re- 
quirement for K-ion (vs. Rb-ion) and the ability to convert nitrates 
to organic N serve as determinants of lower temperature limits, 

In all other media (Table 3), growth was limited, and those 
salts in which it was obseirved have been denoted by None of 

these conditions permitted sporulatloni 

In NaCl, growth occurs only with KCL supplementation at 24 and 
6®C, but even the presence of K-ion could not offset an ambient -6“, 
Strild.ngly, K-ion failed to promote growth in Na-acetate medium at 
24 but did so at lower temperatures. Conceivably, there is a tem- 
perature-dependent toxic effect of acetate ion. One possibility is 
that acetate is converted to toxic levels of oxalate at 24®, and that 
conversion is suppressed or slowed at temperatures of 6® or less. 

The conversion of acetate to oxalte via glycolic and glyoxylic acids 
is knoim. 

Ammonium-ion toxicity is also v;ell knoxm and may account for 
failure of K-ion to promote growth in NH^Cl. . 
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.Table 2, A;Summary of PeniailJA'Wn Growth In Relation to N~Source 
Cations and Temperature 


Cation 

Inorganic N 

Organic N 


Growth 

Sporulatlon 

Growth 

Sporulatlon 

-K 

negative 

negative 

negative 

negative 

+Rb 

6" 

negative 

-6“ 

negative 

+K 

6” 

24/slow at 6® 

-6“ 

6® 



Table 3. Gr<n»th of Penicilliitn In Experiaental Media of Varying Co«positlon. 

Teeperature *C 

24 6 “6 
PotassiuB Mont*”! Months Months 


Salt Nutrients 

Supplement 

6 

9 

12 

15 

6 

9 

12 

15 

6 

9 

12 

15 

NaCl 

Cz 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



+ 

4 

4 

4 

4 

0 

0 

4 

4 

0 

0 

0 

0 


GPY 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



+ 

4 

4 

4 

4 

0 

4 

4 

4 

0 

0 

0 

0 

NpCAc 

Cz 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



+ 

G 

0 

0 

0 

0 

0 

4 

4 

0 

0 

4 

4 


GPY 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



T 

0 

0 

0 

0 

0 

0 

4 

4 

0 

0 

4 

4 

CaCl, 

Cz 

* 

4 

J. 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

2 


+ 

4 

4 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 


GPY 

* 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

4 




4 

4 

4 

4 

0 

4 

4 

4 

0 

4 

4 

4 

Dead Sea 

Cz 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



+ 

4 

4 

4 

4 

0 

4 

4 

4 

0 

4 

4 

4 


GPY 


4 

4 

4 

4 

0 

4 

4 

4 

0 

0 

0 

0 



4 

4 

4 

4 

4 

4 

4 

4 

4 

0 

4 

4 

4 

Don Juan 

Cz 


4 

4 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 

Pond 


4 

4 

4 

4 

4 

4 

4 

4 

4 

0 

4 

4 

4 


GPY 


4 

4 

4 

4 

0 

4 

4 

4 

0 

0 

0 

4 



4 

4 

4 

4 

-4 

0 

4 

4 

4 

0 

4 

4 

4 
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In CaCl^ media, the organism responds as if in KCL (but slower) 
at 24*, but as if in NaCl at 6*. At -6®, However, it is not K-ion 
but organic fl that determines growth. Possibly Ca~ion can replace 
K-ion in its less specific functions, thereby sparing whatever 
small quantities of K-ion may be present for specialized needs. At 
“6®, there may indeed be K-ion enough for the very limited growth 
observed but an absolute need for preformed organic N compounds. 
Note, however, that K-ion induces growth to appear sooner. 

The two simulated natural media are more or less similar to one 
another and in a general way to CaCl 2 media. A specific difference 
of note is the need in Dead Sea salts for either K-ion or organic N 
and the shift to complete K-ion dependency at -6®, 

These data again underscore the importance of K-ion and to some 
extent of organic N in saline media as the temperature falls. 

These data also suggest that even the rather forbidding condi- 
tions simulated in the Don Juan Pond and Dead Sea media cannot eli- 
minate eul<aryotic life forms. 

Although observations are planned on all of these cultures at 
least through 24 months in culture, and some may be continued on an 
indefinite schedule, the next phase of this study can now be initi- 
ated: 

1) Using KCL and RbCl media, the growth of AsyevgUlue and 
Peniaittiim will be examined in more detail. Salt-free 
and saline cultures will be compared at low and high temp- 
eratures with respect to N-source metabolic poisons and 


related factors , 
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2) Production of phenolic metabolites will be raeacurod ns 
an Index of environmental condition. 

3) Seaach x^lll f^ontinue for a NaCl-adapted strain. 



G corny aology 


Abstract 

Fungi have long been knoim to have capabilities for reduction 
and all<ylatlon of arsenate and selenate but their general capabil- 
ities for solubilizing and accumulating metallic substances have 
only been given serious attention with recent years. 

Common members of the Aspergillaceap. cultured on boron, cop- 
per, lead and other metals or oxides can solubilize and concen- 
trate the tjiements or their compounds. 

To account for blo-solublllzatlon of the metals, we have set 
up a model study, incubating selected metals, e.g,, mercury, In 
solutions of various metabolites Including L-lysine and citric 
acid. Results of 100-300 days Incubation showed that many metals 
can In fact.be readily solubilized, and In some cases more ef- 
fectively at pH 6-7 than at pH 1.5-2. 


Established microbiological interactions upon or within the 
Ij'tftosphere Include surface degradation of igneous rocks by 11~ 
chensr oxidation and deposition of iron, manganese and sulfur by 
bacteria; and conversions of Inorganic arsenic, selenium, tel- 
lurium and mercury to organic derivatives [1, 3-5, 8-10]. The 

¥ 

Utility of selective metal accumulation in higher plants has 
been recognized in geobotanical prospecting [2], but such capa- 
bilities have only recently been recognized in fungi, partic- 
ularly members of the Asperglllaceae [6, 7]. 

Species of Penioittivm and Aepei^g'Hlue were grown in stand- 
ard glucose-peptone media at 24-25“3. These media were either 
controls or supplemented with metals or metal oxides as speci- 
fied below. In the cultures supplied B, Al, Bi, HgO and PbO, 
the elements wnre 100 to 150 mesh powders and the oxides, even 
finer, were sealed in dialysis bags floated in the medium to 
avoid errors because of adhesion to fungal filaments,, The 
other elements xjere presented in thin sheet or foil form with 
shallow layers of medium so that contact could be made with the 
fungal mycelium. Cultures were inoculated with conidiospores 
and, in all results presented here, Jjncubated for 30 days. 
Annlyaea for the metal were carried out both on filtered medium 
and washed mycelium using emmlslon spectography or atomic ab- 
sorption spectrophotometry (Hg, Cd, Cu, Pb) j 


Model experiments using aqueous soluticns of selected raetab 
elites Were also set up using a variety, of mrtals or compounds. 
Of these, trials with Cu, pyrite (CuFeS 2 )> Hg and cinnabar (HgS) 
are presented here. All analyses were carried out using atomic 
absorptiont All experiments were duplicated and analyses run 
in duplicates or triplicate, 

FenioilVLum was grown In the presence of elements represent 
Ing four periodic groups and a range of redox and metallic prop- 
erties (Table 1) c In the case of B, the element and highly sta- 
ble oxidized form H^DO^ were compared. The acid saturated 
medium (0.2M) constituted a stress condition in Itself. In 
spite of its well-known refractory character, B was better sol- 
ubilized and concentrated over 300-fold by the organism. Evi- 
dence was also obtained suggesting that one mode of B assimila- 
tion may take place via boranes synthesis. 

The two concentration parameters of interest are the ratio, 
based upon wet weight ; aqueous solution and percentage of total 
dry matter. Excluding the concentration ratios ranked, 

disregarding lesser difference: 

B > Zn, Cu, A1 > Cd, Bi. 

On a dry matter basis, the ranking differed: 

Cu > A1 > Zn, B > Cd, Bl. 

This suggests the complex nature of the Interactions involving 
solubilization, uptake, intracellular deposition and cytotoxic 


limits . 


Table 1. Element Accumulation In Cultures of Peuidllium and Aspergillus. 


Element Analysis (ppm) 


Organism 

Element 

Medium 


h 

Organism 

Eatlo 

% Dry wt 

Penicillium 

3“ 

« 10 


3200 

« 320 

1.6 

notatum 









1000 


4000 

4 

2 « 0 


Al“ 

ca.lOO 


10, 600 

106 

5.3 


Zn® 

28 


46Q0 

164 

2.3 


Cd' 

12 


1000 

83 

0.5 


Bi® 

ca.lO 


600 

60 

0.3 


Cu® 

132 


16,000 

121 

8.0 

Aspergillus 

Hg® 

2 


128 

64 

0.06 

clavatus 








HgO 

234 


2680 

11 

1.34 


PbO 

32 


1080 

34 

0.54 

^In filtered culture medium after 30 

days 




^In washed s^.celium, fresh wt. after 

30 days 





The uptake of Cu by PenioitVium was evident prior to quanti- 
tative analysis in the distinct blue color of the mycelium and the 
massive precipitation in some cells of CuS upon exposure to am- 
monium sulfide (Figure 1) . Etch marks on the Cu surface followed 
hyphal filament lines [7]. The actual Cu-content 8% or 1.4 mmoles 
g ^ is extraordinary. 

Experiments with Aspsvgittus showed that highly toxic Hg and 
Pb can also be rendered soluble and absorbed. 

It was noted that i:he concentrations of some elements in the 
spent medium exceeded normal solubility levels. Thus, dissolved 
Cu at 132 ppm VTas oa 66-fold higher than in sterile nutrient of 
the same age and Hg at 2 ppm was 80-fold greater. 

These enhanced concentrations in media after 30 days of 
culture t. ^gested that fungal metabolites be con sidered a factor 
in metal solubilization, Accordingly, experiments were initiated 
as models using two elements and a native mineral derivative of 
each (Tables 2 and 3) . 

It is obvious from the calculated ratios solute : water that 
ammonium chloride and a variety of organic compounds enhance the 
solubility not only of the elements but also of their high refrac- 
tory sulfides. Evidence for selectivity is provided by the dif- 
ferences in the efficacy of solutes toward Hg, HgS, Cu and FeS„ 
respectively, and in the differential solubilization of Cu and 
Fe from pyrites. 
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Figure 1. Hyphal cells of Pcnlctl Hum not a turn 
grovm on copper after washing and 
exposure to ammonium sulfide. The 
dense black CuS Is evident within 
some cells. Photographed at 930X. 


( 

t 

} 



Table 2. 


Effect of Metebolltea on the Solubility of Hercury 
and Cinnabar (HgS) . 


Solute Hg in Solution (100 dr.yn) 


(100 nM) 

pH 

Hg’ 

UM 

aolute 

water 

UN 

HgS 

solute 

water 

Water 

5.5 

0.12 

— 

0.01 

— 

Aamoniun chloride 

7.0 

20 

167 

0.35 

350 

D-glucoseamine 

5.5 

29 

242 

0.42 

42 

L-lyaine 

6.5 

28 

233 

1.56 

156 

L-ac parugine 

7.0 

118 

983 

— 

— 

a-ketoglutaric 

1.5 

24 

200 

— 

— 

Citric acid 

1.5 

24 

200 

0.60 

60 



Table 3, Effect of Metabolites oa the* Solubility of Copper 
and Pyrites (CuFeS^) . 


Solute 


Cu in Solution (300 days) 

(100 mM) 

pH 

Cu“ (yM) 

Pyrite (yM) 

Eitir 

5.5 

20 

8.0 

(180)^ 

NH^Cl 

7,0 

3000 

15,8 

(666) 

D-* glue os eatnine 

5.5 

2000 

15.8 

(1260) 

L-iysine 

6.5 

1120 

17.6 

(810) 

Cyitric acid 

1.5 

650 

14.4 

(378) 


^(180) denotes yM Fe in solution containing 8 IJM Cu, etc. 


On the basis o£ the biological and chemical data presented 
here, we suggest that more attention be given to fungi as partic' 
ipants In or Initiators of transformations of primary rock 
surfaces and as factors in biogeocbemlcal cycling of inorganic 


'substances. 
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Perfonnance of Fun|.;t in Lov; Temperature 
and llypcroallne Environments 

Abstract 

During the past ten years, we have observed a broad array of 
stress capabilities in common fungi Including ability to grow in 
aqueous ammonia and other allcalinc solutions; in acids; in the preS'- 
ence of heavy metals? and in various salt media at lov; temperature. 

This report is concerned primarily with (a) the performance of 
Asperglllaceae in a variety of saturated salts; (b) distinctive 
roles for K and Rb -ions; and (c) the lov/est temperatures at which 
growth in nutrient brines has been observed, namely 267®K in as 
little as 14 days. We also describe a novel solid medium based 
upon gelatin, glycerol and v;ater in wlilch fungal cultures grov;lng 
at 248°K can be directly examined under oll-imraerslon magnification. 

The performance capabilities of the Fungi shoi; that tolerance 
or adaptability to harsh and extreme physical-chemical environ- 
ments cannot be considered a unique feature of prolcaryotlc life 
forms . 

Salt flats, brine pools and other natural hypersaline environ- 
ments have long been recognized as real ecological niches harbor- 
ing a range of biota from pseudomonad bacteria and green algae 
to specialized crustaceans. A notable omission in this ecological 
record is the fungi, although the group is luiovm to include marine 


forms. 


Because fungi are highly versatile metabollcally and Important 
In the recycling of organic tnatfar in eco-systems generally, we have 
undertalten an extended study of their stress capabilities over the 
past ten years [1-5]. In addition to growth In ammonia, alkalies 
and acids and their ability to solubilize and accumulate metals and 
metalloid elements, the fungi have displayed salt tolerances com- 
parable with a superior to those of common halophlles without the 
benefit of evolutionary or laboratory selection or conditioning, 

Tlie ability to grow in the presence of hypertonic salt solutions 
also opened prospects for their use in cryobiologic investigations, 
that is at temperatures lower than the freezing point of ordinary 
aqueous nutrient media. 

Most of these studies of fungi in severe or exotic environments 
have been concerned vrlth the Aspergillaceae, a widespread terres- 
trial g'ioup without marine affinity and commonly observed on decay- 
ing vegetable foodstuffs as saprophytes, but also known as occa- 
sional animal pathogens (e.g, "Aspergilloslo") , The standard cul- 
ture medium contains 1% each of glucose and peptone with 0.5% yeast 
extract and ranges in pH from 5.0 to 6,5. Such media are modified 
for experimental purposes by saturation with salts as desired with 
respect to depression of the freezing point. All cultures were 
set up in qulntupllcate . 

In early studies (cited above) it was found that Penioittium 
notaim and other forms could be cultured on freeze-thaw diurnal 


cycles, for cxomplo 12 hours each at 293®K and 243“K without marked 
reduction in growth rates provided they were incubated in media 
saturated with acetate chlorides or other salts of K, Mg or Ca, 

The cyclic temperature regimes left open, however, the possibility 
that growth took place only during the warm phase. It did show 
that a fungus can grow while being exposed to severe cold shock 
repeatedly over 30 or 60 consecutive days. Comparable capabili- 
ties were found in various species, of VenioitVivm and the closely 
allied genus AopergiVtuo , 

Subsequently, the growth and development of Peniaittiim notation 
was examined over a more modest range of continuous temperatures, 
266-297®K (Tal/ie 1) . The time required for spore germination to 
begin; for the appearance of 1 mm colonies; and for spore differ- 
entiation were noted. Saturated KCl slowed development substan- 
tially at 297°K, but in saturated NaCl no development at all was 
seen during a period of 120 days. fTIien, however, the MaCl medium 
was supplemented with 0.5M KCl or RbCl, the performance was nearly 
the same as that seen in KCl at saturation. It is of interest 
to note that Rb with an ionic radius of 1,47 A is closer to K 

0 J. 0 

(1.33 A) than the latter is to Na (0.97 A) in charge-size rela- 

4. ® 4. ® 4. 

tlons. Neither Li (0.68 A) nor Cs (1.67 A) would replace K 

4* 

or Rb . Thus it seems clear that the non-performance of the 
organism in NaCl is an expression of Na^ imbalance and Induced 
K requirement of unusual magnitude. With reduction in temper- 
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Tablt 1. TiM-T«ap«ratur* RalaClona In tha Davalori>«nc of 
Penioxllim notatun In Salc-Saturatad Glucoaa- 
PapCona Madlun. 

Days Requlrad for Stage In 

Taapcraturc Stage Chloride Medlun* 


•k 


None 


Na'*’ 

Na'*’-»' K* 

Na'*’+ Rb 

297 

Gemination 

<1 

2 

>120 

2 

3 


Macrocolony^ 

2 

34 

— 

35 

35 


Sporulation 

3 

62 

— 

67 

68 

279 

Gemination 

18 

18 

>120 

24 

26 


Hacrocolony 

30 

78 

— 

87 

88 


Sporulation 

67 

100 

— 

110 

113 

2h6 

Gemination 

>120 

24 

>120 

30 

32 


Macrocolony 

— 

88 

— 

104 

109 


Sporulation 

— 

>120 

— 

>120 

>120 


*"Na‘''+ k'*’” and "Na^ Rb'*'" Indicate 0.5M k'*’ or Rb'*' added to 
3.5M NaCl. 

^Colony dianeter ^ Inn. 



atura, hut still above freezing, the difference in developmental 
rates with and without salts is far smaller. That iS; even a mod- 
est reduction in temperature affects rates more profoundly in the 
absence of salts at saturating levels. Finally, at 266*’IC, the 
salt-free cultures are frozen and fall to develop in 120 days, 
whereas development through the macrocolony phase is almost as 
rapid as it was at a 13** higher temperature level and above the 
usual freezing point. The most Important difference observed 
was the failure at the lower temperature of sporogenesls, at 
least within the present time limits. 

One of the more striking results of this and other studies 
was the apparent reduction in temperature effects in satvirated 
salt media. This effect is supported by another series of studies 
using mycelial growth rate data (weight basis) to calculate Ar- 
rhenius heats of activation with and without salts (Table 2). It 
is evident that whatever saturating salt is used, the activation 
energy for growth is always appreciably lower than in salt-free 
media. 

Thus, the presence of high salt concentrations does in fact 
reduce the temperature dependency of the grov7th process in Peni- 
aillium. 

Exploratory studies indicated that a constant 266‘’K was far 
from the lower limit for these fungi, however the technical 
problems in the observation and separation of individual small 
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Tabic 2. Salt-Induced Levering of Activation Fr.crgv for G) owth 
Based upon Blomasa of P^nioilHitn notatun In Glucose- 
Peptone Medium. 


Saturating 

Temperature Range 

log Increase 

E (kcal/mole) 
a 

Salt 

•k 

In B’omass 


None 

277-295 

0.793** 

16.512.1 


265-277 

— 

— 

KCl 

277-295 

0.293 

6.110.6 


205-277 

0.167 

4.710.5 

KOAc 

277-295 

0.270 

5.610.7 


265-277 

0.147 

4.110.5 

!.g(QAc)2 

277-295 

0.267 

5.510.6 


265-277 

0.149 

4.210.5 


®Arrhenlus Heat of Activation ("Activation Energy") ± Standard 
Error . 

**After 10 days Incubation without salts and 60 days with salts. 



colonies In a slurry of medium and fine salt crystals are consider'^ 
able. On the other hand, agar media which provide a good surface, 
are destroyed by freezing or by the addition of many salts. An al- 
ternative medium was devised by the dispersion of gelatin in 40- 
60% (v/v) aqueous glycerol, together with the usual proportions 
of glucose, peptone and yeast extract. Viien 20-40g of gelatin are 
introduced rapidly into 100 ml of the glycerol-water solution, the 
resulting mixture remains fluid enough to pour for 5-10 minutes. 
When solidified in plates, this gel medium has the translucency 
and resiliency of 1-2% agar gels and is completely stable at tem- 
peratures of 248 “K or less. Gel surfaces were easily scanned at 
oll-lmmerslon magnification by first placing a cover slip over 
the area to be examined followed by the usual Immersion oil. 

These cryogels represent severely dessicating environments 
and do not in general support micro or ganismal growth even at room 
temperatures. Vlhen inoculated with suspensions of As'pevgtttuB 
nigev spores and incubated at 248°K, the following germination 
responses were noted; at 30 days, 0 per 1000; at 60 days, 0.8; 
at 120 days, 1.3; and at 180 days, 2.5. These experiments and 
others concerned v?ith the lower thermal limits of fungi are , 
still in progress. They already show however the importance of 
including eukaryotic organisms in any consideration of the en- 
vironmental capabilities of terrestrial life. 
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